The left lung was reimplanted in 18 dogs. Failure of the venous anastomosis was the chief technical complication. Thirteen dogs survived until killed from eight days to 15 weeks after the operation. There was an immediate fall in total pulmonary compliance following the procedure, then a return to near normal within eight days. Surfactant and lung stability were normal. In each case there was a marked reduction in the gas volume of the reimplanted lung.
The left lung was reimplanted in 18 dogs. Failure of the venous anastomosis was the chief technical complication. Thirteen dogs survived until killed from eight days to 15 weeks after the operation. There was an immediate fall in total pulmonary compliance following the procedure, then a return to near normal within eight days. Surfactant and lung stability were normal. In each case there was a marked reduction in the gas volume of the reimplanted lung.
The chief problem that prevents the use of pulmonary transplantation as a therapeutic measure is that of graft rejection. However, problems concerning operative technique and the physiological function of the transplanted lung also remain unsolved. These may be studied by pulmonary reimplantation in animals.
Successful reimplantation of a dog's lung was first reported by Mdtras in 1950, and although reimplantation has been extensively studied since, an unacceptably high mortality occurs in most series (Hardy, Eraslan, and Webb, 1964; Guilmet, Brunet, Krakora, Leiva, and Weiss, 1965; Mouritzen, Boye, Lyager, and Ottosen, 1967) . Prolonged survival of animals with a single reimplanted lung after contralateral pneumonectomy (Hill and Shaw, 1968) and with bilaterally reimplanted lungs (Fafber, Pedreira, Pevsner, and Beattie, 1965) demonstrates that considerable pulmonary function may be regained. However, it is clear from these and other studies that there is impairment of function, especially in the postoperative period, after which improvement may occur. The reasons for these changes are poorly understood. This study was carried out to investigate the problems of pulmonary reimplantation with particular reference to pulmonary mechanics.
METHODS
OPERATIVE TECHNIQUE Eighteen mongrel dogs, weighing from 8-7 to 23-5 kg., were anaesthetized with intravenous methahexitone, then maintained on nitrous oxide and oxygen via an endotracheal tube. Muscle relaxation was obtained with intravenous gallamine, and the animals were ventilated with a Manley positive pressure ventilator, 20 ml./kg. body weight per breath, at 15 breaths per minute. Compliance was then measured as described below. Using sterile techniques, thoracotomy was performed through the fifth left intercostal space. The left pulmonary artery, left main bronchus, and an intrapericardial cuff of the left atrium, together with the left pulmonary veins, were dissected free from connective tissue. The pulmonary artery was divided at the midpoint, the bronchus was transected near the take-off of the upper lobe bronchus, and a close-fitting cork was placed in the bronchus to prevent air leakage and to maintain ventilation. The cuff of left atrium with attached pulmonary veins was then excised and the lung was removed from the chest.
The pulmonary artery of the isolated lung was immediately perfused with heparinized low molecular weight dextran at 5°C. (3,000 I.U./500 ml.) at a pressure of 40 cm. H20 until the perfusate ran clear. Pressure volume studies on the isolated lung were then performed as described below. The lung was replaced in the left chest, the cuff of left atrium re-anastomosed to the cut edge of the left atrium, and the left pulmonary artery reconstructed. The vascular clamps were then synchronously removed. The bronchus was reconstituted. Continuous everting suture teohniques were used on all anastomoses. The bronchial arteries, lymphatics, and nerves were not reconstructed. The lungs were inflated and the bronchial anastomosis was checked for air leaks. The average time of lung ischaenia was one hour and of no ventilation 75 minutes. The chest was then closed with underwater drains in situ. The lung was fully re-expanded and compliance was again measured. The paralysis was then reversed with neostigmnine, and ventilation was continued with air until spontaneous breathing was resumed. 180
Post-operatively intravascular antibiotics were given for seven days. The dogs were examined clinically and radiologically. Clinical examination of the dog's lung is difficult because of the narrow rib cage. Postero-anterior radiographs of the chest were initially taken at frequent intervals. The survivors were later re-anaesthetized, paralysed, and ventilated and compliance was measured. They were then killed; the lungs were removed immediately and perfused, and pressure volume studies were performed. Both lungs were examined histologically and, in most cases, the surface tension properties were also studied.
Surfactant Saline suspensions of parts of both lungs of nine survivors were examined for the minimum surface tension reached after two and a half hours (10 cycles) of compression and expansion of the surface in a modified Wilhelmy balance (Reynolds, Orzalesi, Motoyama, Craig, and Cook, 1965) .
Total complianice Measurements were made with the dogs anaesthetized and paralysed as above and temporarily disconnected from the ventilator. The lungs were inflated from the end-expiratory position through a cuffed endotracheal tube with l00-ml. increments of air from a graduated syringe. Tracheal pressure, measured by a manometer calibrated against a water column, was recorded after each increment when the pressure had stabilized. When a pressure of 40 cm. H20 was reached, the lungs were deflated in a similar manner. Under these conditions the error due to gaseous compression is insignificant. Compliance was estimated from the gradient of the inflation curve from 0 to 20 cm. H20, which was linear in all cases.
Isolated lung pressure volume relationships After perfusion with heparinized dextran the isolated lung was allowed to collapse fully, a tube was secured in the bronchus, and pressure was again recorded during initial inflation to a pressure of 40 cm. H20, and during deflation. With the isolated lung one minute was allowed after each increment for the pressure to stabilize fully.
The survivors were killed, and both lungs were removed, perfused, and studied separately in the same way. In some instances difficulty was experienced in removing the reimplanted lung entirely undamaged, as adhesions had formed, especially at the site of the incision. Minor leaks could be sutured, but in two cases a satisfactory preparation could not be achieved and the study was abandoned.
The lung stability index was calculated from the deflation curve by the formula of Gruenwald (1963) . Lung stability was also assessed by the percentage of the maximum volume retained at 5 cm. H20 pressure.
RESULTS
Thirteen dogs survived until killed eight days to 15 weeks after the operation. The procedure itself was well tolerated and these dogs appeared nor-0 mally active the following day. Apart from prophylactic antibiotics no special post-operative measures were employed. Chest radiographs showed aeration of the left lung in the immediate post-operative period, which was followed by an appearance of patchy collapse and consolidation from approximately the second to the tenth day, when these changes cleared. At necropsy the lungs looked normal, but their appearance was no guide to the patency of the vascular anastomoses. The predominant abnormality was stenosis of the upper lobe vein, which occurred in five survivors (Fig. 1) , once in association with significant narrowing of the left pulmonary artery also. The bronchial anastomosis was satisfactory in all cases. Eight dogs showed no macroscopic abnormality. There was no consistent pattern of histological change and, even in the presence of upper lobe vein stenosis, it was difficult to distinguish the reimplanted from the normal lung. In some cases, small areas of congestion and patchy collapse were present occasionally with organized intra-alveolar exudate. Some thickening of the pleura was usually present.
Five dogs died as a result of the procedure. The details are shown in Table I .
The results of total compliance measurements are shown in Table II . In Fig. 2 the mean compliance/kg. body weight+one standard error is shown before and after operation and for short, medium, and long-term survivors before sacrifice. It is clear that a reduction in total compliance occurred during the operation. However, by eight those with satisfactory anastomoses. This complication predominates in most reports of reimplantation in dogs, but it is probable that the larger size of the vessels in adult man, as in a series of baboons studied by Haglin, Telander, Muzzall, Kiser, and Strobel (1963) , will make a satisfactory venous anastomosis easier to achieve.
A transplanted lung must develop adequate efficiency immediately, as most potential recipients will have severely impaired function of both lungs, and in some cases it may prove necessary to excise all or part of the contralateral lung to prevent contamination or mechanical imbalance. After lung reimplantation there is a fall in ventilation, a fall in oxygen uptake, and a moderate degree of venous-arterial shunting in the reimplanted lung, followed by gradual improvement in function Marshall and Gunning, 1966; Lyager, Mouritzen, Ottosen, and Boye, 1967; Birch, 1968; Kottmeier, Cheng, Fitzgerald, Hochman, and Emmanuel, 1969) . Many factors may contribute to these changes, among which are a fall in compliance and loss of lung stability.
We have shown an immediate fall in total compliance of a degree which might cause a considerable reduction in the ventilation of the reimplanted lung. This change is not due to ventilation at fixed tidal volume during the operation, which causes a fall in compliance, because this is reversed by hyperventilation which was necessary to re-expand the reimplanted lung (Bendixen, Hedley-Whyte, and Laver, 1963) . By eight to 14 days after the operation there was a return to values near those recorded preoperatively and there was no significant change thereafter. In the same period the major radiological and histological changes resolve. These changes probably represent initial clearing of diffuse atelectasis and lymphoedema, and are consistent with the findings of Eraslan, Turner, and Hardy (1964) It has been postulated that lack of pulmonary surfactant may also be an important factor in the functional changes after reimplantation. Trimble, Kim, Bharadwaj, Bedard, and Wells (1966) found an immediate decrease in surfactant activity which was maximum at 48 hours, then gradually returned to normal in the following six weeks. We have demonstrated no fall in surfactant measured from eight days to 15 weeks after operation. This was confirmed by the fact that lung stability, which correlates well with direct measurements of surface tension, was also normal.
Reduction in the gas volume of the reimplanted lung has been observed in studies using xenon-133 (Strieder, Barnes, Aronow, Russell, and Kazemi, 1967 ) and nitrogen dilution techniques (Birch, 1968 
